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- 4 A. Sumzary of Objectives .

Cbjectives of the research may be summarized as development
of a stigmatic sgectrograph of nominal disgersion of 1 A/mm and
resolution of 0.01 A, useful in the range from 1000 A rto 3000 4,
and of sufficient speed and compactress to be suitsble for use
in rocket and satellite spectroscopy.

General application of such instrumentation to the
spectroscopic aspects of space research is anticipated. sSuch
application includes:

(1) detailed spectra of ultraviolet solar and stellar
spectra;

(2) line profiles of ultraviclet emission lines;

(3) measurements of vertical distribution of terrestrial
atmospheric constituents;

{4) investigation of the solar continuum below 1800 A;
(5) absolute measurement of sclar and stelliar wavelengths;

(6) laboratory measurement of absorption cress section
of gases, and products of photochemical processes;

(7) interstellar absorption spectroscopy.

B. Summary of Progress

(1) Construction of a vacuum test chamber has been
completed, The unit consists of a 12" x 54" x 22% rectangular
chamber pumped by a 6' diffusion pump backed by & 47 cu. ft./
minute mechanical pump. Auxiliary gguipment now avsilable for
use with this chamber for testing and application of the
spectrograph being designed includes:

(a) A 10-kilowatt current-regulated power supply for
operation of a hollow cathode light source.

(b) Alternating current supplx at 0.5 amps and 3000
volts for operation of a hydregen capillary discharge
source,

(¢) Vacuum measuring equipment consisting of a hot
filament ionization gauge, a cold cathode gauge
and an Alphatron gauge.
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{d) A water-cooled holloc¥# cathode source.
(e) A Hanovia capillary windowless light source.

(2) Principal componente of a thermal evaperation uni: fer
greparaticn of efficient ultraviclet reflecting surfaces have
een assembled.

(3) Preliminary echellegrams have besn obtained using e
breadboard arrangement of the o¥tica1 components in the vacuun
test chamber. Qualitative verification of basic design prin-
ciples have been obtained with this instrument.

(4) A precision scanning laborato instrument of 48
focal length has been assembied and mechanical and electronic
systems tested. Necessary modifications and improvements of
this instrument have been completed.

(5) The basic design principles of precision high resclution
spectrographs and scanning SEectrophotometers for rocket and
satellite spectroscopy have been determined. 3Specifications

for a rocket instrument have been completed and constructiocn

and evaluation of some components are underway.

C. Progress During The Report Period

Considerable progress tovard perfecting the mechanical
and electrcnic systems of the laboratory instrument was made,
This instrument is now operable. Preparations are being made
to install the instrument in the wvacuum chamber for further
evaluation,

A nunmber of electromechanical servomechanisms 2re regquired
to properly use and align the instrument optics. All servo
systems have been designed and are in operation. These servo
systems are described below.

Order Selection

To select the order to be observed, the angle of the
grating must be set with an accuracy of one part in 100,000,
In the present design the operator selects the desired order
digitnlfy by means of rotary selector switches., The mmber
to be dialied for any particular order is read from & chart
which is determined experimentally. Direct selection bty actuall
setting the switches to the order number is a refinsment that will
be evaluated and possibly included in nev designs.

In essence, the servo system is an sutomaticslly-balacced
resistance bridge. The operator seta one arm of the bridge when
an order is selected. The servo positions & potentiometer,



which is mechanically cougied to the grating, to balance the
tridge. In this manner the grating can be precisely pocsitioned
to any desired angle. Major compeonents are shown in the block
diagram, figure 1.

Tests have shown the design to be adegquate for present
purposes, but a special enlarged following potentiometer that
will improve the resolution about ten times has been designed.
Inquiries will be sent to vendors to determine the feasibility
of the potentiometer modification.

Autocollimating System

The translation and rotation of the echelle and grating
are =zffected by a mechanical linkage, but the final trim is
achieved by rotating the echelle with a servo system that is
controlled by an optical reference. A beam of light about one
inch in diameter is reflected from small mirrors fastened to the
maior optical components of the spectrograph. After striking
all surfaces, the beam is detected by a paiz of photocells
imbedded in clear plastic on opposite siges of a sheet of thin
metallic foil. When all optical components ere correctly
aligned, the beam of light will be split by the foil and the
photocells will be illuminated with equal brightness. uhen
alignment is not correct, one photocell will detect more light
than the other; therefore, the resistance of the photocelis
will be different.

The photocells are used as two arms of a resistance bridge.
When the bridge becomes unbalanced, the servo system rotates the
echelle until the bridge is balanced. Thus the beam of light
is kept focused on the edge of the foil, assuring that the
spectrograph optics are correctly aligned. Figure 2 is a
simplified block diagrar of the autocollimating servo.

Entrance Slit Alignment

As the echelle rotates, the entrance slit must be rotated,
in a glane perpendicular to the incident beam, through an angle
T as determined by the following equation: .

tan T = -K sin vy

where K is a constant determined by the echelle characteristics
and v is the rotation angle of the echelle. A speciel mechanicael
linkage having an input of v and an output of T solves the above
equation continuously. :



To eliminate the load upon members of the mechanical linkage
and to provide for smoother operation, a servo follower has been
incorporated between two members of the linkage. It is & contactar
serve shown in simplified form in figure 3. The servo motor
drives a synchro trarsmitter and the associated synchro raceilverx
positions the entrance slit.

pDesign specifications for the rocket instrument have been
inalized to a sufficient extent to permit delineation. These
specifications are agpended to this report. The specifications
refer to an optimal instrument. Compromises on some specificaticns
will be made as design proceeds.

Progress in the vriting and testing of computer programs
for data handlings and profile correction was mede. A report
on this aspect of the research will be included in the next report.

D. Personnel

During the period reg:rted here the following individuais
participated in variocus phases of this work.

Howard C. McAllister, Principal Investigator
George Yokatoke, Machinist

Edward Schafer, Machinist

Robert Perry, Laboratory Technician

David F. Swift, Electronics

Michael Yamamoto, Graduste Laboratory Assistant
Gary Ing, Undergraduate Laboratory Assistant
Ronald Iwata, Undergraduate Laboratory Assistant
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APPENDIX
HIGH RESOLUTION SCARNING MONOCHRGMATOR
PRELIMINARY DESIGH SPECIFICATIONS

PART J. LESIGN THECRY

The grooves of the ruled echelle have the form indicated
in Fig. la. Gratings of this form have the useful property
that the grating constant can be made effectively centinuously

variablels? merely bg rotating the grating about the axis Y
shown in Fig. la. If the grating is rat§§ed through an angle
Y about this axis, as shown in Fig. lb, the grsting eguaticn
can be writien for small 2 - g 88 2t cos8 ¥ - 5% = my, vhere

t is the depth of the groove, 35, the height of the grocve, and
8 =g - 28 as shown in Fig. 1lb, Focr & = %, this gives

\ m Lt gas ¥ (1)

Therefore, for a given order n, any wavelength, within o range
defined by practical limits anc the zize of v, can be set at
8 = 0O,

The wavelength range incident on the ruled zchelle must
usually be limited tc a wavelength range given by the freas
spectral range F = \2/2t cos v if such an arrangenent ig to
be useful. This can be effzcted by predispersion, filters,
or internal cross dispersion. Thz latter method glves riae
to an Iinstrument of remarkable versatility.

I1f the light from the echelle strikes a grating (¢ in
Fig. ib), the rulings of which are perpendicular to the ruling
of the echelle, and cbservations axre made in a direcricnm
parallel to the incident beam as shown, the grating c¢gustion
applied to G becomes, since a’ + 8' = 2 v,

)
e

A = 2dg sin El,%_ﬁi cos v, (

where d8 i1s the grating constant,

1. H. Greig and V.F.C. Ferguscn, J. Cpt. Soc. Am,, =C,
504 (1950).

2. H.A. Firklestein, J. Opt. Soc. Am., &1, 172 {1951).




Equations (1) and (2) give

t 1 ,

- (3

U9 Yno B )
e

which is independent of Y for the order observed in the
direction parallel to the incident beam. Thua an order can
be selected by rotating G to the appropriate value of o'.
The wavelength, at 6 = 0 and in the specified direction, is
then A = Ap cos Y, where iy = 2t/m. Wavelengths ranging

from Ay COS Yo to Ap cos Y, will pass successively by
8 = 0 as Y is increased from v, to ¥, the various ip

being selected by setting G to the appropriate value of a'.
The greting G must be linked to the echelle in such a way
that the grating rotates at the same rate as the echelle and
such that during vy scanning the grating travels parallel to
the incident beam at a rate consistent with interception of
the light from the eehddbe, cthelle.

The lines of the echelle are not perpendicular t¢ the
parallel beam of light incident on the echelle. As a
consequence, the imagf of the entrance slit is not parallel
to the entrance slit.! The rotation T, in a plane perpendic-
ular to the incident beam, of the imsge of the entrance slit
is related to the rotation y of the echelle by tanT = -2r siny,
where r = t/s, '

The optical layout for a symmetric instrument of this
tyge is shown in Fig. 2. Fig. 3 shows the imyout of a
laboratory prototype instrument which has been constructed.
In this instrument the correct motion of the optical components
is effected by mechanical linkage as shown. Servo-mechanical
correction of the motion of the opti:al components is effected
by means of an autocollimating system (not shown). Figure
4 shovws a Yreliminary conceptual drawing of the rocket instrument.
A more fully developed drawing of the rocket instrument is
shown in Fig. 5. 1In the rocket instrument the motion of the
optical components will be controlled serwvo-mechanically
rather than by the direct mechanical linkage shown in Fig. 3.
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PART II. SYSTEMS: DEFINITIONS AND SPECIFICATIONS

For desi%n purposes the instrument is divided into the
major interrelated systems described below.

A, Scanning System

The SCANNING SYSTEM consists of certain parts of the
grating and echelle assemblies and the associated driving
mechanisms. The linear and rotational motion of the grating
and echelle assemblies will derive from the SCAN COMPUTER
SYSTEM. The linka%e between the SCAN COMPUTER SYSTEM and
SCANNING SYSTEM will be effected by a closed loop servo system
so designed and executed as to assure correct linear motion to
0.1%Z. Linear position of the grating and echelle platforms
will be determined by rectilinear linear potentiometers imbtedded
in the instrument base. Correspondence between the position of
the grating and echelle glatforms and positions specified by the
SCAN COMPUTER SYSTEM will be effected servo-mechanically. The
driving mechanism for the two platforms will take one of two
alternative forms: (a) a chain drive, or (b) a rack and pinion
drive. The relative linear motion will be such as tc provide
maximum scan range consistent with the theoretical basis for
the scanning operation described in Part I.

The possibility of incorporating variable scan speed
related to the photomultiplier output signal will be studied.
The feasitility of fast scan motion for the purpose of obtaining
rapid access to any desired spectral region will also be
investigated. ‘

Angular position of the grating and echelle will be
determined by means of circular linear potentiometer segments.
The lirka%e etween the SCAN COMPUTER SYSTEM and the SCANMING
SYSTEM will be effected by a closed loop servo system so
desigred and executed as to assure that the rotational motion
of the echelle and grating will be correct to 10- radians
when this motion has been corrected by the ALIGNMENT SYSTEM.

Properties of the QPTICAL SYSTEM make it desirable that the
instrument be capable of scanning with the linear position of
the grating fixed. Linear motion of the grating assembly is
noc strict%y a part of the scarning operation but is incorporated
ir. order to extend the scan range of the instrument.

Ee Scan Computer Svstem

The essential features of the SCAN COMPUTER SYSTEM are




shown in the diagram below.

The relative lineer position of the echelle and grating
are defined Py points C and B of this diegram. The angular
positions of the grating and echelle scanning platforms are
defined by the angle v of this diagram. As the rectangular
laminar ACDB is rotated about the point A, which is midway
between the parallel lires HE and GS, the relative linear
motion of the grating and echelle platforms is prescribed by
the motion of the points B and C along the parallel lines
HE and GE. _

' The corresponding argular motion of the grating and
echelle is prescribed by the change in the angle y. Thiz part
of the SCAN COMPUTER SYST.M has one degree of freedom whereas
two degrees of freedom ar: necessary to effect the maximum
scan range required by the specification of the SCANNING SYSTEM.
The second degree of freedom required corresponds to the movement
of point A along & line perallel to and midway between parallel
lines HE and GF. 1ncorporation of motion of point A in
this part of the SCAN COMFUTER conflicts with the need to keep
the SCAN COMPUTER compact. However, transliation of the point A,
with v fixed, causes points B and C to move equally in the same
direction. Thus simple translation of the echelle and grating
platforms in the same direction by equal amounts is equivalent
to translation of the point A in the SCAN SYSTEM. The desiged
motion of the echelle and grating platform can then be effected
by adding equal translatiorns of the echelle and grating platform
to the relative translatior prescribed by this part of the SCAN
COMPUTER SYSTEM. This addition will be a part of the SCAN
COMPUTER SYSTEM. Scanning with gratin% platform stationary
can be effected by causing the speed of the equal translations
of the echelle and grating to be equal and opposite to the speed
of peint C of the SCAN COMFJTER.
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C. Order Selection System

The ORDER SELECTION SYSTEM will be capable of rapid selection
of any order in any sequence by appropriate rotation of the
order selection platform of the grating assemgly, The regquired
accuracy of the ORDER SEEECTION SYSTEM is 1072 radians. The
selection of order will be initiated by the CONTROL SYSTEM.
Two methods of effecting the proper rotation of the order
selection platform will be evaluated:

(a) Using a circular segment of a linear potentiometer
to measure the angular position of the order sélection
platform, the correct position of the order selzction
platform being established by closed loop servo
comparison with appropriate calibrated fixed -
resistances. The fixed resistance appropriate to
each order will be selected by a switching mechanism
controlled by the instrument CONTROL SYSTEM.

(b Digital determination of angular position of the
order selection platform by counting revoluticns
of the driving mctor. The electronic revolution
counter will count to preset counts specified by
the instrument CONTROL SYSTEM.

In either system preflight and 1nflight verification and
correction of the ORDER SELECTION SYSTEM by means of reference
to fiducidry positions of the order selection platform will

be included.

The order selection system will also generate the information
necessary for setting the slit lengths of the entrance and exit
slits of the DETECTOR SYSTEM.

D. Alignment System

The ALIGNMENT SYSTEM serves to measure the relative
orientation of the four optical components of the OFTICAL
SYSTEM. This will be effected by passing a coilimated light
beam through the system in such & manner that it is reflected
at least once from plane mirrors mounted on or attached to the
optical components. This collimated light beam will be imaged
on a detector array which will detect errors in relative
orientations of the optical components. A self aligning system
will thus be effected, assuring correct cptical alignment in
spite of possible errors generated by the SCANNING SYSTEM, the
§$2¥E§OMPUTER BYSTEM, the STRUCTURAL SYSTEM, and the OPTICAL

- 10 -



Alignment errors will be servo mechanically corrected by
tilting the collimating mirror and changing the angular position
cf the echelle scanning platform. The tilting mechanism of the
collimating mirror and the focusing mechanism of the camera
mitroxr are part of ALIGNMENT SYSTEM.

E. Electrical System

The electrical system includes all electronic subsystems,
including detectors, motors and associated gearing, power
supplies, input to telemetry, integration with requirements of
the mechanical motions and so forth. In as much as the ELECTRICAL
SYSTEM overlies all aspects of the instrument, specifications of
the ELECTRICAL SYSTEM derive from the requirements of the cther
systems, as well as from requirements of the experiments.

F. Structural System

The STRUCTURAL SYSTEM involves the basic desigh of the
comgenent parts of the instrument, particularly those which are
to be machined from stock materiels., These include the
instrument base, instrument case, echelle and grating assemblies,
mirror bases and mounts, and components of the DETECTOR and
ALIGNMENT SYSTEMS.

The structural assemblies will be for the most part
machined from aluminum alloy 6065-T651 and magnesium AZ31-B.
Specifically, the instrument base and case of Rocket Instrument
¥umber 1 will be made of alumimm. The internal componentsz of
this instrument, particulary those contributing appreciably to
the moment of inertia of the instrument, will be machined from
magnesium. The base, case, and internal components of rocket
instrument number 2 will be machined from magnesium. Weight
reduction of the base, case, and internal compcnents will be
effected to the extent possible by removing excess material
in such a way as to leave an interlaced I-beam structure.

The five sides of the case and the base will interjoin by
means of precision light-tight joints. The reproducibility
ogmgositioning of these pieces will be assured by an adequate
number of position pins. Helicoils will be used in all
demountable screw holes. Vents for prevention of trapped

gas in screvw holes will be provided as well as vents for
escape of gas from the instrument.

The design target for weight of the instrument is 40 3 1bs.
and for moment of inertia, about the geometrical center and
perpedicular to the 7 inch dimension of the 7" x 11" x 48»
rectangular parallelgiped case-base, plus internal components,
is 9000 + 1000 1b-in<4.

- 11 -



- The gverage density of the instrument will be
0.2 gm/cm® and the average density of compenents of the
instrument will be 0.65 Zm/cm3. Assuming uniform distribution
of mass in a 7' x 11" x 48* instrument, the moment of inertia
of thi instrument about the azimuth direction would be 8,000
1b-in4. However, the location of the principal optical
components near the ends of the instrument contribute at
least 5,500 1b-in? to the moment of inertia, leaving (using
9,000 1b-in? for the total moment of inertia) 4,500 1b-in?
for the structural components, excluding optics, or an average
density of the structural comgonents of approximately
0.3 gms/cm3 or about 12% of the density of aluminum, requiring
considerable ingemuity in design of the STRUCTURAL SYSTEM.

G. Detector System

The detector system will consist of the following sub-
systems: (1) Exit slit assembly with provision for control of
the slit length, slit width and slit rotation, the film
transport, supply and storage assemblies, the light baffle
assembly, the shotomnltiplier and associated mounting
structures. (2) Entrance slit assembly with provision for
control of the slit length, slit width and slit rotation,
shutter mechanism, filter mechanism, light baffles, collecting
optics and associated mounting. (3) Mechanical analeog computer
to control the rotation of the exit slit or/and the entrance
slit. Integration of the DETECTOR SYSTEM with the other systems
of the instrument will be considered part of the DETECTGR
SYSTEM.

Preliminary specifications of the subsystems and assemblies
of the DETECTOR SYSTEM are delineated below.

a. Slit Assembly

1. Rotation of slit assembly will be correct to 10-4
radians. This accuracy includes errors introduced
by the analog computor. Specifically, the relation
between slit angde T and echelle rotation v is

tanT = -4 siny

The computer will generate T from v and T will be
correct to 10°% radians. Slit jaws will be parailel
and coplanar to 1 micron.

2. The slit width will be controlled by the instrument
control system. Setting will be incremental,
the signal for changing the slit width by one
increment in either direction being derived from the

- 12 -
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contrel system. The accuracy of the slit width
setting will be 107 of the slit width. verification
of the slit width setting should be incorporated.

3. The slit length will be accurately controlled to

Z% of the siit length. Slit length will be effected
by direct continuous control by the corder selector.
vVerification of the slit length setting should be
incorporated.

4, Associated mounting structures for the slit
assembly includes convenient removal and replacement.

5. A calibrating light will serve for in-flight
verification of photomultiplier-electrometer
calibration. This verification is dependent on
accurately known siit width and slit length.

6. Silit jaws with a photosensitive surface facing
vhe incoming light may be used. This will measure the
11%ht level adjacer: to the slit, such measure
being useful in effecting correction for close
scattering.

b. Exit Light Baffle

Thz exit light baffle system will be designed to operate
in twc modes.

1. Scanning Mode

In this mode the light baffle system will close

to the smallest size consistent with interception of
all on-axis light from the camere mirror plusz c¢ff-
afis light arising from the length and width of the
slits.

2. Photographic Mode
In this mode the light baffle system will open
to the maximum size consistent with satisfactory
ghotographic operation. This size will be limited
y general scattered light.

The initiation of change of mode will derive from the
instrument CONTROL SYSTEM.

- 33 -




c. Film Cassette Assembly

Thils assembly consists of 3
cassette, film plane, transpert
control system.

upply ~assette, take-u
e

14 ass o
mechanism and*transpott ~

. The supply and take-up cassette will be such as to
minimize film abrasion. The length of film accommodated
shall be of the order of 3C feet. Movement of the fiim
will be effected by means of a film transport system which
moves the film a distance of 2 inches in not more than
one-tenth second. The movement of the film will not be
effected by windup of the take-up spool but bv a claw

or sprocket mechanism acting at goth ends of the film
plane. Tension in the film will be avoided both during
transport and while at rest. Strict attention to
conformation of the film to the prescribed film plane

is required. Transport of the film will %e initiated

by shutter mechanism causing transpert to occur

immediately after the shutter closes. Stopping of the

film transport will be effected by suitable perforaticns

in the film and associated detectors. Film stopping

will in turn activate the shutter mechanism to effect

the next exposure of a sequence. Serious consideration
will be given to the feasibility of obtaining photomultiplier
monitoring between exposures. This will require a rapid
camshaft movement of the camera mirror to bring the image
into focus on the slit during film transport. Exact
iocation of the exit slit relative tc the spectrum recorded
in thedprevious exposure will be needed if such a monitoring
is used. '

Transport and dwell of the fiim will be monitored by
telemetry. The shutter control of film transport may be
overridden by the control systen.,

d. Film Punch ard Die Assembly

The film punch and die assembly will provide punching
of sprocket perforations, punching of transport centrol
performations, punched holes for photomultiplier viewing
and such other requirements as may deveiop. Film prepared
by the punch and die assembly wili be loaded directly on
the supply cassette. Precautions to avoid film atrasion
will be taken.

e. Mechanical Analog Computor

The mechanical analog computer will continuously



effect the equality
rant = -4 siny

where T is the slit tilt angle and v is the echelle
rotation. Yy iz the input and T the output of this
computer. T so generated will be transmitted to the
exit siit, effecting rotation of the exit slit. A
closed locp servo will bte used, so designed and
executed that the error in slit position will not
exceed 10-4 radians.

f. Entrancs Assembly

The entrance siit has the same specifications as the
2xit slit with regard to length and width control. Rotation
of the entrance siit may or may not be required depending
on further investigation. Tentatively it will be assume
‘that rotation will be included, Thus the exit slit and
entrance slit systems will be identical and interchangeable.

The shutter mechenism will be included in the entrance
assexbly., The shutter mechanism will be capable of
logrithmic exposure sequerncing, effecting automatically
exposure sequences such as 1, 2, 4, &, 16 time units, the
1 time unit being veriable and specified by the instrument
CONTROL SYSTEM. The number of exposures in & sequence
will be specified by the CONTROL SYSTEM. Contrel will
bz raturned to the CONTROL SYSTEM after each exposure
cejuence, The cequential exposure feature may be
ovarvidden by the instrument CONTROL SYSTEM.

An automated filter assembly will te included in the
sntrance assemtly allowing up to six filters to be inserted
just in front of the eatrance slit. The selection of

filter will be determined by the instrument CONTROL SYSTEH.

t
i

Provision for measuring the fluctuation of light flux
through the entrance slit will be made. This measurement
wiil provide means of compensating for pointing control
system }itter.

The light collecting system will consist of a short
focal length parabole, a lens, a reflecting mirror, or a
reflecting grating. The possibility of incorporating
ary one of these possiblie collectors shall be included
in the design. -

,
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H. Ootical Systen

The CPTICAL SYSTEM consists of the collimating mirro:
echella, grating end camera mirror, These optical compors
are tentatively to bLe formed from fused cuartz, veight rel
by using an egg crate constructicn ez produced by the Corning
Glass Works., The mirrors wiil be either sphericzal, mounted in a
Zexny-Turner arrangement, or off-axis peraboluas. 3Rath typas
of mirrors will be acquired and the choice made empirically.

The grating will be a2 12,000 line/cm Bausch snd Loxbd replica
grating blazed for 1500 angstroms. The echelle will be either
a 75 line/mm or 300 line/mm Bausch and Lowb replica eahelle.
All cptical componznts will be aluminum ceated with a magnssivm
fluoride protection coating.

The optical componernts will he as large a3 the instrnent
can accommodate, A vibration-tested, semi-resiliens mounting
of the optical components will be uzed.

I. Control System

The CONTROL SYSTEM wiil centrol the sequential functicons
of the instrument. These functions include order saliection,
slit width setting, filter sel:zction, focus alteration, shutter
operation and scan operation. The CONTRGL SYSTEM will be
based on the use of punched program tape or equivalent method
designed To provide maxim:m flexikbility in asequencing instrument
operation.
Integration of the contrel recquirements of the LEITLITOR
SYSTEM with the control regquirements of the total instrumant
will be necessary.

J. Peripheral System

The PERIPHERAL SYSTEM will include all egquipment ard
procedures not integral to operation of the irstrument, These
include external zontrol and mcnitering of instrument opurastion
for the purpose of preflight svaluation, as well 2s internal
operation and monitoring te evaluate inflight performanca,
Maintenance procedures and equipment, including vepairs and
replacements, will be a part of the PERIPHERAL SYSTEM.




